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Abstract 
This dissertation was written as part of the MSc in Environmental Management and 
Sustainability at the International Hellenic University.  
 
  The last decades, human activities have a major impact on climate change and the 
emissions of greenhouse gases (GHGs) have been increased. GHG are to agriculture 
sector as it is one of the main contributors. Among agriculture activities, livestock 
farming produces high levels of GHGs emissions and is responsible for other 
environmental impacts (Rotz, 2017). Globally, livestock sector has increased its 
productivity the last decades due to high demand for meat and dairy products for 
consumption (Sakadevan & Nguyen, 2017).it is estimated that the next decade, the 
demand for livestock products would increase significantly.   
  The negative side of this increasing demand can be observed in the impacts on 
climate through changes in land use, feed production, animal production, manure 
processing and transport (McMichael et al., 2007). Livestock sector’s global emissions 
account for 5%–18% of global GHG emissions, and thus may increase land degradation, 
air and water pollution and loss of biodiversity.  
  GHG emissions which are produced from livestock production and operations have a 
potential to be reduced with various measures, technologies and practices. Mitigation 
measures can be applied so that livestock impacts can be eliminated, for example, 
improvements in manure management, higher quality of feed and animal health, 
efficient use of manure and fertilizers.  
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1. Introduction 
  Human activities are responsible for climate change through the emission of 
Greenhouse gases (GHGs). Climate change refers to the changes in worldwide climate 
and weather phenomena associated with gradual rise in global average temperatures 
caused by high levels of carbon dioxide and other gases. GHG emissions results to 
major changes in earth’s natural systems. Since the beginning of industrial era, climate 
change status has worsened (Sejian et al., 2015).  
  There are many sources of GHG emissions with agriculture sector to be estimated as 
one of the main contributors. Among agriculture activities, livestock farming produces 
high levels of GHGs emissions and is responsible for other environmental impacts 
(Rotz, 2017). 
  Globally, livestock sector has increased its productivity the last decades due to high 
demand for meat and dairy products for consumption (Sakadevan & Nguyen, 2017). 
The consumption of livestock products is important for humans as it provides 17% of 
global kilocalorie consumption and 33% of global protein consumption. The next 
decade, the demand for livestock production is expected to double. 
  The negative side of the increasing demand can be observed in the impacts on 
climate through changes in land use, feed production, animal production, manure 
processing and transport (McMichael et al., 2007). Livestock sector’s global emissions 
account for a range of 2.29–7.1 Gt CO2-eq, corresponding to 5%–18% of global GHG 
emissions, and thus may increase land degradation, air and water pollution and loss of 
biodiversity.  
 
Aims and structure 
 The aim of this dissertation is to identify and analyze the relation between livestock 
production and climate change and suggest mitigation measures. First, there is a 
description of the importance of livestock sector. Then, there is an analytical 
description of how livestock sector contributes to climate change, which are the main 
sources of GHG emissions, which GHGs are produced, how they affect the 
environment and which of the livestock activities are responsible for these emissions. 
In addition, the GHG emissions that are going to be discussed are the carbon dioxide 
  - 
(CO2) which covers the largest part of the total GHG emissions globally and then other 
greenhouse gases named non-CO2 emissions, such as methane (CH4) and nitrous oxide 
(N2O), which contribute to global warming (Caro, 2018, Rojas-Downing et al. 2017). 
These gaseous emissions derive from feed production, enteric fermentation, livestock 
housing, manure storage, processing and application and energy consumption.  
  In addition, using the FAOSTAT1 database, there is going to be an analysis of the main 
sources of GHG emissions from livestock sector which are enteric fermentation and 
manure management. The analysis is focused on the emissions in a global level, in 
Europe and in Greece with the help of diagrams.  The chapter includes projection for 
the emissions for the years 2030 and 2050. These projections can provide important 
information about the future trends of the livestock emissions. Analyzing the existing 
levels of emissions can help in the acknowledgment that measures and practices 
should be implemented to address the environmental impacts that livestock sector 
poses. 
  There is potential to reduce GHG emissions from livestock sector through the 
implementation of different mitigation measures, technologies and practices. The 
chapter 4 describes mitigation measures that can contribute to the elimination of GHG 
emissions from the main polluting sources. For example, improvements in manure 
management, optimization of feed quality, reduction the use of synthetic fertilizers 
and shifting diet preferences of humans have a potential to reduce GHGs from 
livestock sector. Last but not least, there is a brief description of circular systems and 
how can benefit the livestock sector, but there is limited literature about their 
connection.  
  Livestock sector and climate change have an important connection and its relation is 
studied and examined many years now. Climate change has serious impacts on 
livestock production but this aspect is not analyzed in this dissertation. The 
dissertation provides literature information for anyone who is interested to learn and 
understand the impacts that livestock has to the environment and what mitigation 
strategies can be implemented based on the available literature studies. There is 
available literature for mitigation strategies for each continent and many countries 
                                                   
1 http://www.fao.org/faostat/en/#home  
  - 
such as China, UK, India, the US, but there is limited-almost non existing literature for 
mitigation of livestock in Greece. The dissertation provides many mitigation measures 
according to the emissions’ source. In addition, there are two regional case studies by 
FAO. The case studies examine and analyze the emissions and mitigation potential of 
different regions based on Global Livestock Environmental Assessment Model 
(GLEAM).  
  The dissertation is mainly based in the global literature which is available in Google 
Scholar, Scopus and Science Direct. The main keywords that are used are climate 
change, livestock production, GHG emissions and mitigation measures. 
 
 
  - 
2. Livestock sector and environment 
  One the one hand, livestock sector provides resources globally and brings significant 
benefits to the society as food and nutrients, income and insurance, employment and 
traction and clothing. Trying to respond in the increasing demand for livestock 
commodities, the sector uses important amount of sources such as land, nutrients, 
feed and water. The result is the livestock sector causes many environmental impacts 
and mainly GHG emission.  GHG emissions are responsible for deforestation, land 
degradation, ecosystem pollution, climate change and biodiversity loss (Opio et al, 
2011; Rojas-Downing, 2017). 
 
2.1. Importance of livestock sector 
 
  Livestock production is the most significant section of global agriculture and has 
contributed to worldwide economic and social development (Haan et al., 1997). 
Livestock sector consists 40% of agricultural gross domestic product (GDP) (Steinfeld et 
al., 2006) and it provides 15% of total food energy and 25% of dietary protein (FAO, 
2009). More than 30% of earth’s surface is used by livestock production and livestock 
assets worth more than 1.4 trillion dollars, representing 1.4% of the global GDP 
(Thornton, 2010). In particular, the importance of the sector can be detected in the 
global food production, the global employment and income and poverty reduction 
(Herrero et al., 2012).  
  Livestock products, especially meat and milk, are the main components of human 
nutrition and offer a rich variety of vitamins, protein and amino-acids, which are 
essential for human health, and they can be produced all season.  
  Livestock sector is also the main source of income for million families in many 
countries (Devendra & Thomas, 2002). Worldwide, the livestock market employs 1.3 
million people and primary it provides the main income in the developing countries, 
but also livestock can be a valuable asset and store of wealth. In developing countries, 
the demand for livestock products is more increased than in developed countries 
(Thornton, 2010; FAO, 2009).  
  - 
  In addition, in developing countries, livestock production varies among different 
production systems such as grassland-based systems, mixed crop-livestock systems, 
intensive systems and landless systems. These systems produce around 72% of the 
lamb, 59% of the pork, 53% of the poultry, 50% of the beef and 41% of the milk 
worldwide. These numbers are estimated to be increased as livestock sector is 
expanding in the developing countries (Herrero et al., 2013).  
  It is estimated that the global demand for livestock commodities will be 8.6 billion in 
2030 due to population growth and urbanization and this can lead to new job 
opportunities in the livestock sector and more economic benefits from the production 
(FAO, 2018). Also, in social level, livestock possession can level up the social status and 
can bring balance between genders, giving more opportunities to women (Swanepoel 
et al., 2010).  
  The fast increase of the livestock production is referred as “livestock revolution” and 
is driven by the increased demand for food worldwide, mostly in the developing 
countries. Although livestock’s contribution in economic and social level is important, 
its negative effects can not be ignored as its wastes threaten the environment (Tullo et 
al., 2018). 
2.2. Livestock sector’s relation with climate change 
 
  On the one hand, climate change is affecting livestock sector and the animals as their 
living conditions are worsening, diseases are spreading faster and feed quality is 
changing. On the other hand, livestock sector burdens the ecosystem and contributes 
to climate change through its greenhouse gas (GHG) emissions (Herrero et al., 2009). 
The anthropogenic GHG emissions are accountable for the rise of the earth’s 
temperature in the last century, the rise of sea level and melting of the ice in the Polar 
Regions. Livestock sector is causing but also facing these environmental impacts (FAO, 
2009). 
  The expected increase in the demand for food the next decades due to population 
growth would go against the balance of the nature.  Biodiversity, water and land use 
and climate change are going to be detrimental factors for most countries. Although 
the economic and social benefits from livestock sector have been rising for many 
  - 
decades, as the livestock production is increasing, the impacts on the environment are 
moving upwards (Sakadevan & Nguyen, 2016).  
  The environmental impacts from the livestock production are affecting all parts of the 
nature from water and land till climate and biodiversity (Steinfeld et al., 2006). 
Livestock production is provoking water contamination, land degradation with 
fertilizers and other chemicals polluting the land and water and also livestock 
operations are releasing GHG emissions. These issues have been concerning the states 
in a national level because the consequences are affecting all nations regardless of the 
intensity of livestock.  
  The livestock sector is responsible for emissions of carbon dioxide (CO2), methane 
(CH4) and nitrous oxide (N2O) that pollute and warm the atmosphere and are the 
principal greenhouse gases (GHGs). Those GHGs are roughly 7.1 million tons of CO2-eq 
every year, 44% of which are CH4, 29% N2O and 27% carbon dioxide CO2. The overall 
GHG emissions from livestock production correspond to 14.5% of total anthropogenic 
emissions, according to FAO2 (2018) estimations. Hydrofluorocarbon (HFCs) emissions 
are marginal on a global scale (Sakadevan & Nguyen, 2016; Gerber et al., 2013).  
  Most emissions are arising at the farm stage and the rest in the other stages such as 
processing and transport (Garnett, 2009). GHGs are deriving from the land-use 
changes, manure management, enteric fermentation, fertilizer management, 
processing and transport of livestock (Sakadevan & Nguyen, 2016; Rojas-Downing, 
2017). Between 8.5% and 18% of global human-induced GHG emissions are produced 
by livestock sector. Livestock production and its by-products, in addition to 
deforestation, energy required for cultivation and transportation of products and feed, 
emissions from fertilizers and gases from manure and enteric fermentation are 
responsible for these emissions. The percentage depends on the methodological 
differences among various reports and studies (inventories, life-cycle assessments) and 
uncertainty in parameter rates. For example, FAO estimates that the emissions’ 
number is 14.5% (Herrero et al., 2013; McMichael et al., 2007). 
 However, GHG emission levels vary among different regions and in different systems. 
For instance, in small farms and pasture livestock systems, livestock is used as the main 
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  - 
source of income and maintenance of livelihood and its environmental impacts are not 
significant (Herrero et al., 2009).  
  Emissions have different levels among species and commodities in livestock chain. 
First, cattle (beef cattle and dairy cattle) are emitting the most with 65% of emissions 
and then the other species (pigs, poultry, buffaloes and small ruminants) have 
between 7% to 10% part of the emissions (Gerber et al., 2013). 
 
2.3. Greenhouse gas emissions 
  Agriculture sector is one of the most polluting sectors globally as it is responsible for 
more than 22% of total GHG emissions worldwide, which is similar to emissions of 
transport and manufacture sectors. Inside of agriculture sector, livestock activities are 
the main contributors in the release of greenhouse gas (GHG) emissions (McMichael et 
al., 2007).  
  Particularly, livestock production, with all the stages of the production, emits 80% of 
the total agricultural emissions.  The total amount of CH4 and N2O exceed the total 
amount of CO2 in the livestock production and worsen the problem of climate change 
(McMichael et al., 2007). The largest amount of emissions is CH4 with 44%, then N2O 
with 29% and lastly, CO2 with 27% out of total anthropogenic GHG emissions. 
Specifically, livestock sector is emitting 44% of CH4 global anthropogenic CH4, 53% of 
global anthropogenic N2O and only 5% of CO2 emissions (Figure 1).  These gases can be 
direct or indirect from different operation of livestock production. For example, enteric 
fermentation, respiration, and excretions are emitting direct GHG emissions (Rojas-
Downing, 2017). 
  Relatively to animals, emissions from cattle have been calculated in the amount of 
5,335 Mt of CO2-eq per year, which can be translated as 11% of all human-induced 
GHG emissions (Rotz, 2018). CO2 and CH4 are physical part of the respiration process in 
animals and plants, but these emissions are only a small part out of the total amount. 
  More serious indirect factors for CO2 releases are land degradation and fossil fuel use 
in the livestock operations and for CH4 releases are emissions from animal manure and 
fertilizers (Steinfeld et al., 2006). 
 
  - 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Figure 1: Contribution of livestock to the total GHG emissions (source: Rojas-Downing, 2017). 
 
  Other activities and operations such as land use, deforestation for livestock use, 
processing and transportation of livestock products, feed and manure management 
are emitting indirect GHG emissions which are greater than the direct emissions 
(Rojas-Downing, 2017). 
  More specific, 41% of livestock sector emissions occur during the production, 
processing and transport of feed, mainly from fertilizers applied on feed production 
and manure on pastures, producing N2O emissions. Other feed-related emissions are 
arising from land-use changes. Then enteric fermentation produces 44% of total 
emissions, mostly by cattle and less by buffalos and small ruminants. Manure 
management contributes about 10% to total sector’s emissions. The rest 5% derives 
from the energy used for processing and transportation of animal products (Figure 2) 
(Gerber et al., 2013).  
  - 
 
Figure 2: Global emissions by source and relative contribution of main sources of emissions 
from global livestock supply chains (source: FAO). 
 
  The last decades, there are many discussions among countries for the 
implementation of measures for the reduction of the GHG emissions towards a more 
sustainable planet (Sakadevan & Nguyen, 2016). 
2.3.1. Land-use emissions  
  Land which is used for agriculture purposes is mostly exploited by livestock 
production for pasture and livestock operations (Sakadevan & Nguyen, 2016). Since 
1800, natural lands have been deployed by farmers for pasture, grazing and 
cultivation. Nowadays, almost 40% of the total land area on earth is used from the 
agriculture sector (Rojas-Downing, 2017).  
  The changes that have occurred in land use in the agriculture sector can have 
different purposes such as clearing, grazing, cultivation, abandonment and secondary 
  - 
forest re-growth. Considering the land use, deforestation is the principal procedure 
that emits most GHG emissions (Gerber et al., 2013).  
  Livestock sector is responsible for deforestation in many countries with lush 
vegetation, such as the Brazilian Amazon. In many cases, the livestock percentage that 
corresponds to total farmland is high. The last century, new areas have been provided 
for pasture and this increased disposal of the land for livestock excludes other land 
uses for constructions or crops for alimentation.  
  In addition, there are differences in the quality of the land and the feed for animals 
between the developing and developed countries. Regions with low land quality need 
more amounts of feeds for the livestock than the areas with rich soil quality and so 
developing countries need more land to feed their livestock. The need for more 
available land results to deforestation. Especially in Latin America, the environmental 
damage from deforestation and the change in landscape is increasing (Sakadevan & 
Nguyen, 2016). In Brazilian Legal Amazonia, almost 80% of the deforestation has been 
caused for meat production (Silva et al., 2018). Despite the importance of land 
concession in livestock, this land can be cultivated and feed million people worldwide 
(Sakadevan & Nguyen, 2016). Deforestation is releasing high amounts of CO2 into the 
air because forests absorb more carbon in soil and foliage than grasslands and as a 
result when a forest is burnt or lumbered all the amount of carbon burden the 
atmosphere.  
  The rapid increase of global population which results to higher demand for food 
contributes to land degradation (Rojas-Downing, 2017). Land degradation is defined as 
“reduction or loss, in arid, semi-arid and dry sub-humid areas, of the biological or 
economic productivity and complexity of rained cropland, irrigated cropland, or range, 
pasture, forest and woodlands resulting from land uses or from a process or 
combination of processes, including processes arising from human activities and 
habitation patterns, such as, soil erosion caused by wind and/or water, deterioration 
of the physical, chemical and biological or economic properties of soil, and long-term 
loss of natural vegetation” (Ma & Zhao, 1994). It is estimated that 40% of total 
agricultural land is degraded. Overgrazing is considered one of the main reasons of 
land degradation (Pacheco et al., 2018).  
  - 
  Moreover, land activities from the livestock sector are related to GHG emissions. For 
example, activities that are responsible for most CO2 emissions are deforestation, land 
degradation and cultivation and desertification of land. Furthermore, 9.2% of total 
GHG emissions in livestock sector are coming from changes in land use such as land 
expansion for pasture or crops for animal feed. Cultivated soils for livestock purposes 
are emitting approximately 28 million tonnes of CO2 per year and desertification 
approximately 100 million tonnes of CO2 per year (Rojas-Downing, 2017). 
  Desertification is the process by which the land loses its fertility, usually happening in 
dry areas such as Africa, Asia and Latin America, and its main reason is overgrazing, fire 
or land erosion (Pitesky et al., 2009). All the activities related to land use changes are 
estimated to emit 2.4 billion tons of CO2 per year (Steinfeld et al., 2006).  
2.3.2. Manure emissions  
 Since the beginning of agriculture, animal manure has been used to help the soil’s 
fertility. Nowadays, due to intensive livestock production, the amount of animal 
manure has increased and produces 128 tons of nitrogen and 24 million tons of 
phosphorus every year (Sakadevan & Nguyen, 2016). Manure, fertilizers for pasture 
and animal feed production (plus process and transportation of feed) are responsible 
for 45% of global livestock anthropogenic GHG emissions mainly CO2, N2O and NH4 
(ammonium) It is estimated that manure is responsible for almost 7% of agricultural 
GHG emissions mainly of N2O and CH4 (Rojas-Downing, 2017). 
  The transfer of manure to other fields generates transportation costs and fossil fuels 
from transportation produce more GHG emissions. In addition, inefficient manure 
management, overuse of fertilizers and limitation in the available land to apply the 
manure as fertilizer may damage the nutritional lands. (Sakadevan & Nguyen, 2016).  
  The volume of CH4 emissions are depending from the method that manure is 
processed and stored, the surrounding environment and the composition of manure 
(Scheehle et al., 2012). CH4 emissions are mainly caused by anaerobic decomposition 
of manure and nitrous oxide emissions by nitrification or denitrification of organic 
nitrogen in animal manure and urine (Pitesky et al., 2009). CH4 and N2O are infiltrated 
in surface waters from runoff and high amounts of these emissions can cause nutrient 
pollution of waters which is called eutrophication. In many countries, manure is 
  - 
considered as a waste and not as a useful source and mineral fertilizers are preferred 
(Sakadevan & Nguyen, 2016).  
  About 5 million tons of mineral fertilizers are used for livestock feed production 
annually. The direct and indirect application of fertilizers is producing CO2 and N2O 
emissions. Most amount of fertilizer is placed in corn production for animal feed 
(Pitesky et al., 2009). Mineral fertilizers can cause ammonia volatilization loss from 
synthetic nitrogen fertilizer (Rojas-Downing, 2017). Ammonia volatilization loss and 
deposition are an indirect emission of N2O in amount of 0.1 to 0.16 million tons of 
indirect N2O-N emission (Pan et al., 2016). Livestock emissions from manure and urine 
consist 64% of global anthropogenic ammonia (NH3) emission which causes indirect 
releases of N2O emissions because it is transformed into N2O by soil bacteria (Abbasi, 
2016). In the EU-28, 94% of the total anthropogenic NH3 emissions are from 
agricultural activities of which the 75% of NH3 emissions are produced from livestock 
manure management (Tullo et al., 2018).  
  Other CO2 emissions are occurring from the production of fertilizers and their 
application (use, package and transport) with total amount of 40 million tonnes of CO2 
annually. That amount is doubled, reaching 90 million tonnes of CO2 per year, from the 
usage of fossil fuels in the farms and operations in the livestock sector, for instance, for 
feed production, machinery, irrigation and heating-cooling (Rojas-Downing, 2017; 
Steinfeld et al., 2006). Meat is the food that needs more energy and grain to be 
produced than other types of food. It is estimated that in America, livestock use up 7 
times more grain than the amount of grain which is directly consumed by the 
American population (Abbasi, 2016).  
  As mentioned before, CH4 is released in the storage, processing and treatment of 
manure. Commonly, the anaerobic decomposition of manure emits CH4 usually when it 
is in liquid form stored in lagoons, ponds or containers. Lagoon systems are mostly 
used in North America in large-scale dairy farms and in other countries in pig facilities, 
but it is not applicable in Europe. The total amount of CH4 is 10 million tons from the 
anaerobic decomposition (Caro, 2018). When manure is managed in solid form like 
heaps or drylot corrals and it is placed on pasture land and it decomposes in aerobic 
conditions then it causes less CH4 emissions (Pitesky et al., 2009). Pigs are the mainly 
producers of CH4 from manure (Caro, 2018). Emissions from manure are lower than 
  - 
emissions from enteric fermentation but still they require attention (Steinfeld et al., 
2006).  
2.3.3. Enteric fermentation emissions  
  Enteric fermentation as natural process of animals is the main reason of the CH4 
emissions by the livestock sector in addition to manure management (Sejian et al., 
2015). Adding the emissions from enteric fermentation and manure, they represent 
80% of the anthropogenic CH4 emission globally (Abbasi, 2016). Enteric fermentation 
alone produces almost 37% of total anthropogenic CH4 emissions (Kumari et. al, 2016).  
CH4 is a short-lived climate pollutant so reducing CH4 emissions can help in mitigation 
efforts of climate change in a short time (FAO, 2017). 
  In the EU, for example, enteric fermentation from ruminants stands for around 66% 
of regional CH4 emissions, which are 6.8 million tonnes yearly (Thorpe, 2009). 
Ruminants such as cattle, buffalo, sheep and goats, turn the plants and grass that they 
eat into protein. This characteristic of ruminants is beneficial for humans because 
those grass and plants are useless for human food (Pitesky et al., 2009). Additionally, 
through their digestive process they emit around 86 million tons of CH4 yearly. This 
number of CH4 emissions is greater than the CH4 emissions from the transport sector 
(Sejian et al., 2015).   
The CH4 emissions are estimated to be increased by 60% in 2030, if livestock 
production remains uncontrolled (Kumari et. al, 2016). Not only ruminant animals are 
producing methane but also other animals and humans, in smaller amounts via the 
digestive process. The CH4 emission levels depend on the production system and the 
characteristics of the area. (Steinfeld et al., 2006). They also depend on the animal 
species, weight, and type of feed and diet, health and age. But mainly the quality, type 
and amount of the feed are significant factors of the CH4 emissions (Scheehle et al., 
2012).  
  India, China, Brazil and the USA are the areas with the higher CH4 emission levels 
from enteric fermentation (Kumari et al., 2016). Among animals, cows and other cattle 
produce the highest levels of CH4 per animal and cattle (beef and dairy cattle) produce 
70% of total emissions from enteric fermentation (Caro, 2018). 
  - 
2.3.4. Water-use emissions 
  Livestock production requires large amount of water for pasture, feed production and 
drinking water for animals. More than 45% of global agricultural water use is provided 
for feed production. Also, water is used in the production of livestock products such as 
milk and meat (Sakadevan & Nguyen, 2016).  Livestock’s amount of required water is 
more than 8% of the total water use globally and 31% of the total water consumed in 
the agriculture (Abbasi, 2016; Herrero et al., 2009). Operations of livestock sector are 
polluting the waterways and groundwater with nitrogen, phosphorus and other 
pathogens substances which are released from manure management in intensive 
systems (FAO, 2009).  
  As the demand for livestock products is going to be increased in the future, water 
demand would also be increased to respond to the livestock production water needs 
(Herrero et al., 2009). The demand for water depends on the size of the livestock 
operation and the type of animals that are used. For example, the production of beef 
which is fed with grain needs more water than the water required for the gain 
production. Chickens need 3500 litres of water per kilogram of chicken meat but rice 
needs 1700 litres of water per kilogram of produced rice (Sakadevan & Nguyen, 2016).   
  Also, production systems have different water demand. In extensive systems, the 
animals need more water because they consume energy to find their food and water 
on their own, in comparison with industrialized production, where animals are not 
moving a lot in the facilities.  Extensive production requires 25% of the total water for 
feed production (Steinfeld et al., 2006).  
  The demand for water for livestock can be higher than the demand for agriculture 
purposes. The problem of water scarcity has been severe in dry areas and due to 
overpopulation the necessity for water is increasing globally. Furthermore, the overuse 
of water in agriculture and especially in livestock production exhausts the water 
resources and also reduces the water efficiency (Sakadevan & Nguyen, 2016).  
  Drinking water for animals has the highest demand of water in livestock sector. 
Proper animal production requires many litres of water for animals’ healthy living 
otherwise they die from dehydration. Urination and evaporation are the main reasons 
for water loss from the body. Except from the needs for drinking water, water is 
  - 
necessary for cleaning the facilities, cooling, washing the animals and waste cleaning 
(Steinfeld et al., 2006). 
  - 
3. Greenhouse gas emission by FAOSTAT 
  This chapter provides information about livestock emissions produced worldwide and 
there is an analysis of GHG emissions in EU and Greece. The emissions are divided by 
their sources from enteric fermentation and manure management. The data and the 
diagrams that are used are taken from FAOSTAT. The FAOSTAT emissions database is 
computed following IPCC 2006 Guidelines for National GHG Inventories (vol. 4, ch. 10 
and 11). The amounts are measured in gigagrams (Gg). 
  First there is an analysis of emissions from enteric fermentation and then from 
manure management. Also FAOSTAT gives projections of emissions for 2030 and 2050. 
This analysis helps in better understanding of EU’s and Greece’s livestock sector 
contribution to GHG emissions. 
3.1. FAOSTAT emissions from enteric fermentation 
  According to FAOSTAT database GHG emissions produced from enteric fermentation 
consist of CH4 which is produced in digestive systems of livestock including ruminants 
and to a lesser extent of non-ruminants. World’s amount of emissions of CH4 produced 
in digestive systems of livestock in the period 2000-2006 as CO2-eq are projected in 
Figure 3.  
  
Figure 3:  Emissions from enteric fermentation worldwide (source: FAOSTAT) 
  - 
 
  From 2000 until 2016 the emissions from enteric fermentation worldwide have an 
upward trend. In 2000 the emissions were 1.849M Gg CO2-eq and in 2016 were 
2.073M Gg CO2-eq. Asia and America have the largest part of the emissions with 69.5% 
and Europe has 11.9% of the total. Africa and Oceania have the rest 18.6% of the 
enteric emissions (Figure 4). 
Figure 4: Emissions from enteric fermentation by continent (source: FAOSTAT) 
 
  As Figure 5 presents, the top emitting country worldwide in emissions from enteric 
fermentation is India with sum of 4076k Gg CO2-eq, following closely by Brazil and then 
China and the US. None of the European countries are on the list with the top 10 
emitting countries in the period 2000-2016. 
 
 
Figure 5: Top 10 emitting countries from enteric fermentation (source: FAOSTAT) 
   
  - 
  In Europe, livestock emissions from enteric fermentation have been decreased in the 
reference period from 268k Gg to 219k Gg of CO2-eq (Figure 6). 
  Regarding to CH4 emissions produced by Greece, we can see that the emissions have 
rises and falls in the period 2000-2016. The first 12 years the emissions are 
approximately 3.100-3.200 Gg of CO2-eq but then from 2012 till 2016 they have a 
noticeable reduction to 2.800 Gg (Figure 7). 
 
 
Figure 6: Emissions from enteric fermentation by Europe (source: FAOSTAT) 
 
 
 
 
Figure 7: Emissions from enteric fermentation by Greece (source: FAOSTAT) 
 
 
  - 
3.2. FAOSTAT emissions from manure management 
  GHG emissions from manure management include CH4 and N2O gases from aerobic 
and anaerobic manure decomposition processes.  
  In global level, emissions have been increased in the period 2000-2016 from 322k Gg 
to 348k Gg of CO2-eq. 
  Specifically, in 2000, CH4 emissions are 186k Gg of CO2-eq and the other 136k Gg are 
N2O emissions. In 2016, there is an increase in both types of emissions. CH4 emissions 
are 206k Gg of CO2-eq and 142k Gg are N2O emissions (Figure 8). 
 
Figure 8: Emissions from manure management worldwide (source: FAOSTAT) 
   
  Similarly with emissions produced from enteric fermentation, in the reference period, 
almost half of the emissions from manure management have produced from Asia with 
sum of 43.8%, then from Europe with 26.4%. America has produced 21.8% of the 
emissions and last, Oceania and Africa have together only 8% (Figure 9). 
  - 
Figure 9: Emissions from manure management by continent (source: FAOSTAT) 
   
  In contrast to enteric emissions, China is the leader emitter with 1085k CO2-eq of 
emissions from livestock manure management, following by the US and then India but 
with less total amount of emissions (Figure 10).  
 
 
Figure 10: Top 10 emitting countries from manure management (source: FAOSTAT) 
 
  Figure 11 shows that in Europe, emissions from livestock manure management have a 
downward trend since 2000. In 2000, CH4 emissions were 58k Gg of CO2-eq and N2O 
emissions were 36k Gg, forming the emissions to 95k Gg of CO2-eq in total. In 2016, 
there is a decrease in the emissions and they were 84k Gg of CO2-eq. CH4 emissions 
were 53k Gg of CO2-eq and 31k Gg were N2O emissions. 
  In Greece, total emissions from manure management were 743 Gg of CO2-eq in 2000. 
CH4 emissions were 493 Gg of CO2-eq and N2O emissions were 245 Gg. In 2016, 
reduced total emissions were 672 Gg of CO2-eq, CH4 emissions were 435 Gg of CO2-eq 
and N2O emissions were 237 Gg (Figure 12).  
  - 
Figure 11: Emissions from manure management by Europe (source: FAOSTAT) 
 
 
Figure 12: Emissions from manure management by Greece (source: FAOSTAT) 
 
 
 
 
 
  - 
3.3. Projection for 2030 and 2050 
  FAOSTAT provides projection about livestock emissions until the year 2050. There is 
going to be an analysis about 2030 and 2050 in the livestock emissions deriving from 
enteric fermentation and manure management.  
  
a. Emissions from enteric fermentation in 2030 and 2050 
  The total amount of enteric emissions worldwide would be 2.2M Gg of CO2-eq in 
2030 and they are going to be increased to 2.5M Gg in 2050.  
  In Figure 13, we can see that Asia would have a significant increase in its emissions 
from enteric fermantation. From 2030 to 2050 the increase would be 145k Gg. Also, 
Africa and America would have an increase in enteric emissions. Oceania emissions’ 
would have a slightly rise  but only in Europe the projections shows a decrease in 
emissions almost 1k Gg from 2030 to 2050. Asia and America still would be le leading 
continents in the production of emissions the next decades .  
  Projections for Greece show that the emissions from enteric fermentation would be 
around 3000-2800 Gg in the projected years.   
 
 
Figure 13: Enteric emissions by continent in 2030 and 2050 (source: FAOSTAT) 
 
  - 
 
b. Emissions from manure management in 2030 and 2050 
  The total amount of CH4 and N2O emissions produced from manure management are 
projected to be increased globally the next decades. In 2030, 388k Gg of CO2-eq 
emissions would be increased to 428k Gg in 2050.  
  Again, Asia would have a significant rise in its emissions from 184k to 214k Gg of CO2-
eq. Likewise, America, Africa and Oceania continents are expected to have more 
produced amount of emissions from 2030 to 2050. However, Europe would decrease 
its emissions from 88k to 85k Gg of CO2-eq but still would be the second most emitting 
continent after Asia (Figure 14).  
  In Greece, GHGs from livestock manure management are going to be less from 705 
Gg to 671 Gg of CO2-eq the reference years.  
 
Figure 14: Manure emissions by continent in 2030 and 2050 (source: FAOSTAT) 
 
  Summarizing the data that are provided from FAOSTAT we can highlight some 
important points: 
 Both emissions from enteric fermentation and manure management have an 
upward trend worldwide. 
 Enteric emissions are 6 times more than manure emissions. 
 Only Europe is expected to decrease its emissions from both analyzed emission 
sources. 
  - 
 Greek emissions are going to be reduced from enteric fermentation and 
manure management. 
 Asia is the most polluting continent with significant expected increase in its 
emissions in both sources.  
 China, India and the US have the leading roles in total emissions worldwide 
from 2000 to 2016.  
  - 
4. Mitigation measures in livestock sector 
  The impacts of livestock sector in the environment can be severe (FAO, 2009). 
However, GHG emissions which are produced from livestock production and 
operations have a potential to be reduced with various measures, technologies and 
practices (Rojas-Downing, 2017). Mitigation measures can be applied so that livestock 
impacts can be eliminated. These measures should be selected wisely so that their 
implementation is feasible (FAO, 2009).  
  As detailed below, some considerable mitigation options can be changes in manure 
management, enteric fermentation, carbon sequestration, animal feed production and 
feed-crop management and changes in human diet (Rojas-Downing, 2017; FAO, 2009). 
 
 
4.1 Carbon sequestration  
  Carbon sequestration can be improved with the storage of soil carbon in pasturelands 
and rangelands. Highest potential for carbon sequestration have Africa and Latin 
America in their degraded lands. For instance, Latin America has land changes in a 
large extent due to deforestation (Herrero et al., 2009). 
  Deforestation is one of the main activities of livestock sector that produces significant 
amounts of CO2 emissions (FAO, 2009). If deforestation is decreased and reforestation 
takes place, then carbon sequestration can be accomplished. In addition, improved 
water and land management are required and cultivation of crops with higher yield are 
needed (Rojas-Downing, 2017).  
  Also, improved pasture-grazing management and pasture use for feed are beneficial 
options for the reduction of GHG emissions. If overgrazing is decreased then the 
vegetation of grasslands and pasturelands and the fertility of the soil would be 
restored and the soil can sequester carbon (FAO, 2009).  
  Overgrazing is an outcome from the rapid growth of livestock sector, deficient grazing 
management and lack of policies.  Around 20% of grasslands worldwide are degraded. 
Concurrently, undergrazing areas can cause biodiversity losses, reduced productivity, 
and dense vegetation prone to fires (FAO, 2017). Lal (2004) reported that if degraded 
  - 
grazing lands are restored then soil organic carbon can be sequestered. Also, carbon 
can be sequestered when marginal croplands are turned into pastures. Other methods 
suggested are the proper use of fertilizers, planting of legumes and improvement of 
soil fauna.  
  Animal population influences direct the GHG emissions. Particularly in developing 
countries, animals with low productivity can be substituted with fewer but more 
productive animals. At the same time, it is possible for livestock supply to remain the 
same or higher and the emissions to be reduced (Herrero et al., 2009). 
4.2 Measures for enteric fermentation  
  The improvement of nutrition, feed quality, grassland management and reproduction 
of animals results in higher animal productivity and lower CH4 emissions per unit of 
meat or milk (Boadi et al., 2004). In a recent report, FAO (2017) suggests that available 
improved animal farming practices can lower emissions about 20 to 30%, in all existing 
production systems.  
  Three main mitigation measures can be applied in order to reduce emissions from 
enteric fermentation. First, improvement in animal feed and diet, then providing 
supplements and additives to suppress CH4 emissions and third, changes in herd 
management and breeding (Rojas-Downing, 2017; Dickie et al., 2014). 
 
a.   Improvements in feeding practices. 
  Improvements in feeding practices provide nutritious diet and help animals to grow 
faster. Feed composition affects the enteric fermentation of animals and therefore the 
methane emissions that are released. The quality and quantity of the feed that the 
livestock receives determines the waste that the animals produce (Dickie et al., 2014). 
Thus, improvements in forage quality are necessary, including grain-based 
concentrates to feed or replacement of fibrous with starch concentrate. Diets with 
higher proportion of grain-based concentration can help in the reduction of CH4 
emissions (FAO, 2009). Also, 1% increase of dietary fat can reduce CH4 emissions about 
4% to 5%.  
  Improvement in animal digestibility results to a potential decrease of CH4 and it can 
be achieved with protein content increase on animal feed, higher quality forage, use of 
  - 
legume rather than grass forage and inclusion of essential oils and oilseeds to the diet 
(Rojas-Downing, 2017; Key & Tallard, 2012). 
  These mitigation practices are more feasible in developing countries and have low 
risk and cost (Caro, 2018).    
 
b. Provision of supplements and additives. 
  Food substances, antibiotics and vaccines can reduce the CH4 releases from the 
digestive process of animals through changes in the microbiology of the rumen (FAO, 
2009; Caro, 2018). It is important to help animals to maintain a healthy living because 
their performance will be higher and GHG emissions will be less. Although diseases, 
parasites and insects can affect the health and productivity of animals, appropriate 
supplements in combination with high quality feed can manage these impacts (FAO, 
2017).  
  Dickie et al. (2014) suggests that supplements are suitable for high intensive 
production systems (e.g., the U.S., E.U., Australia and Canada) in which animals are 
confined in limited areas and their feed and diet are already optimal under the 
available breeding and nutrition technology. In extensive grassland-based systems the 
allocation of supplements is difficult.  
  The provision of supplements and additives is still under research and its cost is 
relatively high (Dickie et al., 2014). 
 
c. Improvements in herd management and breeding. 
  GHG emissions can be reduced and profits from livestock can be increased with the 
improvement of animals’ health and productivity. In that way, the number of animals 
in a herd can be reduced but the production level maintains the same (Dickie et al., 
2014). This can be achieved with the reduction of the quantity of feed that is needed 
per unit of output such as milk, meat, eggs or with the improvement of animals’ health 
through better water and feed quality and better living conditions (FAO, 2009).  
  Developing countries have more room for improvements for high quality husbandry 
and productivity, for example, in Sub-Saharan Africa and parts of Asia and Latin 
America. Smallholder herds are used for other purposes except for their meat and 
dairy, such as financial assets. Animals live longer and under poor conditions and 
  - 
nutrition so they produce high emissions. Improvements in these areas need radical 
socio-economic changes to the agricultural system (Dickie et al., 2014).  
 
4.3 Measures for manure management  
  Manure is also responsible for N2O emissions when it is deposited in pasture, but 
mitigation strategies are not easy to implement because manure is scattered on 
pasturelands. So, effective manure management can be focused on manure storage 
duration, storage in anaerobic conditions and use of manure as energy source (Rojas-
Downing, 2017). 
  Manure storage should be under anaerobic conditions so the CH4 levels to remain 
low. The main measure is the anaerobic digestion in which digesters convert the 
methane from manure sludge to electricity or natural gas. Although anaerobic 
digesters are a popular mitigation measure for manure management, they need high 
technology and are costly. Other low cost practices for stored manure are the 
limitation of storage time and better housing systems and covering of manure (Dickie 
et al., 2014). 
  Anaerobic conditions exist in lagoons or tanks in which biogas can be captured. Biogas 
from manure can be used for energy production, for example in electric generators, 
heating or cooling and lighting. This measure can help the reduction of fossil fuels’ use 
and results in further reduction of GHG emissions from manure treatment (FAO, 2009).  
 Furthermore, GHG emissions have the potential to be reduced with other measures 
which pertain to storage and management of manure. For instance, practices can be 
applied for improvement of waste management systems, limiting storage time and 
removing bedding from manure. With solids separators, solids are removed from 
manure streams before they get into the treatment and storage systems. With this 
process, CH4 emissions can be decreased. In addition, solids separators have lower cost 
than anaerobic digesters but they need more time and effort (Rojas-Downing, 2017). 
 
4.4 Measures for fertilizer management 
  The excessive use of fertilizers is common fact in high industrialized agricultural 
systems, for example in United States and Europe. Developing countries sush as China 
  - 
use also large amounts of synthetic fertilizers for more profitable production (Dickie et 
al., 2014).  
  Thus, mitigation measures involve the use of organic or new-technology fertilizers, 
frequent tests on soil and mixing legumes with grasses in grasslands. With the help of 
regular soil tests, the producer can use the appropriate amount of fertilizers only 
where the crops will totally absorb them. Also, organic fertilizers are more suitable for 
sustainable agriculture as they produce fewer amounts of N2O emissions in 
comparison to mineral fertilizers. New but more expensive fertilizers are available 
which control the release of nutrients from the fertilizer and inhibiting nitrification to 
slow the degradation of the fertilizer and sustain the nutrients available for the plant. 
In addition, legumes with grass can reduce the amount of synthetic fertilizers used 
because legumes adjust nitrogen levels Rhizobium bacteria (Rojas-Downing, 2017). 
  Farmers should have access to available information about new production methods 
and how to implement them in their farming system. Accurate information can lead to 
behavioural changes and excessive application of fertilizers can be limited (Dickie et al., 
2014).  
 
4.5 Measures for livestock consumption  
  Another option for the reduction of GHG emissions can derive from the reduction of 
consumption of livestock products. Only a small decrease in the demand for livestock 
products can have a positive impact in the environment, the reduction of GHG 
emissions and in human health (Dickie et al., 2014).  
  Reducing livestock consumption as a mitigation option is considered necessary 
because livestock demand is going to be increased significantly especially in developing 
countries. At the same time, crops and food for animal feed will be increased. So the 
limitation of dairy products and livestock consumption can result in lower GHG 
emissions (Caro, 2018).  
  Driving forces for human population to reduce livestock consumption might be the 
imposing of taxes in meat and favour the low-emissions products. However, these 
types of policies should be examined in depth paying attention to the food security 
and nutritional intakes of people (Caro, 2018).  
  - 
  Shifting diet trends is a simple and feasible measure. For example, beef and sheep 
meat which is related with high GHG emissions can be replaced with poultry or 
vegetarian diet. (FAO, 2009). A more plant-based diet can reduce the potential of GHG 
emissions from consumption as plant-based foods have lower energy-use and 
emissions. Reducing overconsumption of meat and dairy products can also be salutary 
(González et al., 2011). 
4.6 Circular bio-econony 
  Circular systems are the opposite of linear systems that follows the production model 
of take-make-use-dispose. A linear economy tries to achieve economic growth and 
considers that the use of resources is unlimited and do not take into account the 
amount of produced waste (Jurgilevich et al, 2016). A circular economy are based on 
the principles of reduce, reuse, recycle and recover. The concept of circularity in a 
system means that the system works with a closed-loop of material flows of biological 
and technical nutrients. The purpose is the elimination of the inputs, reusability of raw 
materials, optimization of stock, restoration of natural resources and production of 
zero waste and pollution (FAO, 2017; Kalmykova et al, 2018).  
  Agriculture and livestock sector have a linear structure. In livestock production, there 
is a large amount of inputs, their use is inefficient and it produces significant 
proportion of wasteful and polluting outputs (Oldfield et al, 2016).  
  Livestock sector can be transformed in a circular bio-economy in all stages, using 
precision agriculture techniques and improving recycling and utilisation of its wastes. 
By using renewable biological resources, such as manure and other agriculture wastes, 
there can be a production of food and energy. For instance, manure and its nutrients 
can be used instead of synthetic fertilizers. The utilization of manure nutrients can 
prevent losses and limit resource consumption. Manure management needs new 
technological innovations and investments and manure nutrient imbalance should be 
examined in at a global and local level (Jurgilevich et al, 2016; Oldfield et al, 2016). 
  Animal outputs-wastes can be recycled and reused in the system as energy (e.g. 
biogas) so system wastes and emissions are reduced. Also, water, energy and other 
natural resources that the livestock systems require should be used with efficiency 
(FAO, 2017, Oldfield et al, 2016). 
  - 
  Precision agriculture techniques can help in the optimization of inputs (e.g. fertilizers) 
and monitoring of outputs. These techniques guarantee that the minimum resources 
are used providing the highest performance possible and having minimum effects in 
the environment (Oldfield et al, 2016). 
  Halachmi & Guarino (2016) define Precision Livestock Farming (PLF) “real-time 
monitoring technologies aimed at managing the smallest manageable production 
unit’s temporal variability”. PLF aims to improve livestock farming in economic, social 
and sustainable level. It is implemented in order to monitor animal growth, diet, 
behaviour and presentation of endemic diseases. In farming, PLF helps to control 
product yield, the physical state of livestock buildings and also the GHG emissions 
(Tullo et al., 2018). PLF can be a valuable tool that follows the principals of circular 
economy by improving the total efficiency of a farming system and at the same time 
minimize the production of waste and pollutants (Tullo et al, 2018).  
 
Barriers and constrains for mitigation measures (Smith & Olesen, 2010). 
 
 Lack of resources. 
  Some mitigation measures demand more organic materials, for example mitigations 
for increase soil carbon contents. In many areas, mostly in developing countries, 
scarcity of organic matter is an obstacle. 
 Lack of education and information. 
  In order to reduce GHG emissions new measures and mitigation options have to be 
implemented. However the lack knowledge and information do not allow the 
implementation. New technologies should be available in every region as well as 
educational and advice schemes.  
 Interference with other regulations. 
  The implementation of mitigation measures can be interrupted by regulations. For 
example, biogas facilities may cause concerns in a local level and their establishment 
can be delayed for long time.  
 Financial cost 
  - 
  Many mitigation measures require large investments (e.g. new equipments, manure 
management systems) and the lack of funds may intercept the mitigations’ 
implementation.  
 
 
5. Regional case studies by FAO  
Global Livestock Environmental Assessment Model 
  
  Global Livestock Environmental Assessment Model (GLEAM)3 is a spatially explicit 
model that simulates the relations between livestock production activities and 
processes with the environment. It is developed within the Animal Production and 
Health Division of FAO. The model can operate at (sub) national, regional and global 
scale. It uses life cycle assessment methodologies and includes all actions in livestock 
supply chain (e.g. feed production, processing and transport, herd dynamics, manure 
management and livestock feeding, and livestock products processing and transport). 
It includes all main sources of emissions, covers upstream, on-farm and downstream 
impacts and resource flows. 
  The role of the model is to provide solutions for the achievement of livestock 
sustainability. GLEAM offers information about the effects that each stage of livestock 
production has to the environment such as GHGs and emission intensities by 
commodity. In addition, the model evaluates the results of different mitigation and 
adaptation scenarios in local, national, regional or global level. These results are 
helpful in the decision-making process for a more sustainable livestock sector as they 
provide important information to the policy makers and stakeholders.  
  GLEAM operates in a Geographic Information System (GIS) environment and its 
outputs include: livestock numbers and distribution, production and management data 
on manure, animal feed rations (composition and quality), livestock commodities 
production, greenhouse gas emissions from each stage of production and emission 
intensities by commodity. The model’s data collection combines research with direct 
                                                   
3 http://www.fao.org/gleam/en/  
  - 
communication with experts and public and commercially available life cycle inventory 
packages. 
FAO regional case studies were conducted on selected production systems in different 
regional areas. The aim was to examine and evaluate how the mitigation potentials 
could be achieved in practice. Four of the case studies were based on ruminants and 
their supply chain as their contribution to overall GHG emission is large. One case 
study examined the mitigation potential in pork production. The characteristics of 
production systems, GHG emissions and production levels were calculated from 
GLEAM 1.0 for the 2005 reference year. Mitigations were chosen according to their 
high potential, feasibility and effectiveness FAO case studies are important to 
understand how mitigation measures should be chosen based on the emissions 
sources, mitigation potential and the type of production system. In this dissertation, 
there is a description of two case studies.  
 
a. Dairy cattle production in South Asia 
  South Asia is one of the major cattle milk producers globally, mainly in India where 
75% of the global milk production takes place. Mixed systems in South Asia have 28% 
percent of all dairy cattle which is a large amount, in comparison to 10% in Western 
Europe and 4% North America. The main GHG emissions are GH4 from enteric 
fermentation which is 60% of total emissions and N2O from application of manure and 
synthetic fertilizer for feed production. In total, South Asia produces 23% of total GHG 
emissions of diary mixed systems globally. 
  One of the main reasons for the augmented GHG emissions is the poor quality of feed 
and its low digestibility. This results to low production performance and high CH4 
emissions from enteric fermentation. Another reason is the breeding overhead which 
leads to high emissions. This means that many animals are bred but they do not 
produce any output.  
  The mitigations of this case study were examined according to the sources of the 
emissions. So one suggested intervention was the improvement of feed quality. Feed 
processing and better quality of forage with higher digestibility resulted to higher 
animal performance and reduction of emissions. In addition, improvements in health 
and husbandry of the animals were suggested to increase animal productivity. The 
  - 
mitigation potential for the mitigations was calculated in GLEAM using relevant 
parameters to feed quality and animal performance. The results of the improvements 
in animal health and feed had a potential reduction of emissions by 38% which 
corresponds to 120M tones CO2-eq.   
 
b. Intensive pig production in East and Southeast Asia 
  Pork production in East and Southeast Asia was 50% of the global pork production in 
the period of the study. In this geographic area, pig production has significantly 
increased the last three decades, mostly in China. The regional intermediate and 
industrial production systems are expected to expand and grow further in the future. 
The emissions in East and Southeast Asia were estimated about 320M tones CO2-eq 
annually which contribute to 5% of total livestock emissions globally.  
  Feed production is a main source of the emissions in this case study. More specific, 
emissions are produced by the energy used for feed production, including field 
operations, transport, processing of feed and fertilizer production. Application of 
manure and synthetic fertilizer in feed production is responsible for N2O emissions. 
Land-use changes account for 13% of total emissions in industrial systems and 8% in 
intermediate systems. Emissions from manure are a major problem in East and 
Southeast Asia because they are stored in liquid form, and in addition to the warm 
climate, the CH4 emissions are high. Manure CH4 emissions account for 14 % of total 
emissions in industrial systems and 21 % in intermediate systems.  
  Emissions from intermediate and industrial systems can be reduced with 
improvements in manure management. Anaerobic digestion can contribute in the 
reduction of CH4 emissions and can produce biogas. Biogas can be used instead of 
fossil fuels. In addition, due to high levels of energy use for feed production, more 
energy-efficient methods were adopted. In intermediate systems, mitigation 
interventions were explored so as to improve feed quality and animal health for the 
reduction of manure emissions and increase in animal productivity. Calculations by 
GLEAM showed that the emissions could be reduced by 16 to 25% (21 to 33M tones 
CO2-eq) in industrial systems. This can be achieved with improvements in manure 
management and energy efficiency. In intermediate systems, emissions could be 
  - 
eliminated by 32 to 38% (32 to 37M tones CO2-eq). Mitigation interventions in this 
system were the improvement of herd management and feed.  
  - 
 
6. Conclusions 
  Although livestock sector is significantly valuable for economic activities, food 
assurance and poverty reduction and contributes to economic and social growth, the 
relation between livestock and environment is critical. The demand for livestock 
commodities to feed the global population has increased the intensity of the sector 
unsustainably. More resources are required for the livestock production and wastes 
and emissions exit the sector in a large scale.  
  From the previous analysis we can summarize that the main livestock sources which 
produce the most emissions are, among others, enteric fermentation, manure 
processing and storage, feed production and application of fertilizers. These sources 
are responsible for the production of GHG emissions, specifically CO2, CH4 and N2O.  
  GHG emissions that are related to livestock production and operations are estimated 
to be increased the next decades. Analyzing the data from FAOSTAT database we can 
see that worldwide livestock emissions have an upward trend and this increase would 
be primarily owed to Asia. Developing countries (mostly China and India) are expected 
to increase their emissions significantly. FAOSTAT information shows the origins of the 
GHG emissions, to what extent each continent is responsible and projection of the 
future years. These data can be used to identify the emission level of each continent or 
country in order to examine what mitigation measures should be implemented and in 
what extent. There is a separate description of emissions for Europe and Greece so we 
can see how Europe’s and Greece’s livestock sector contributes to global GHG 
emissions.   
  It is clear that all countries should apply appropriate measures and invest in new 
methods and practices in order to have a sustainable and profitable livestock system. If 
mitigation measures and practices are not to be implemented the upcoming years, 
then the environmental impacts would be irreversible.  
  The mitigation measures that are discuss in the previous chapter can be applied 
according to the country’s existing livestock system, the sources and amount of the 
emissions and the available cost-effective technology. Policy makers, authorities and 
other relevant stakeholders can consult the available research for mitigation strategies 
  - 
so the appropriate measures can be implemented. GLEAM is an important model and 
it may be used for analyzing GHG emissions and examining the mitigation potentials. 
  It is recommended that further research should be conducted in country level, 
because every country has different characteristics so mitigation measures cannot be 
the same for each country. In addition, research in circular bio-economy model can be 
developed further within in the livestock farming as it is a new area related to 
sustainable development and reduction of emissions.  
  - 
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